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Abstract  
Scenario development is widely used to support the formation of energy policy, but many energy 
scenarios consider environmental interactions only in terms of climate change. We suggest that efforts 
to develop more holistic energy pathways, going beyond post hoc analysis of environmental and 
social implications, can usefully draw on environmental scenarios. A detailed content analysis of UK 
energy and environmental scenarios was therefore undertaken, with energy scenarios selected on the 
basis that they were recent, had a direct link to energy policy, and covered a range of scenario types. 
The energy scenarios rarely considered societal drivers beyond decarbonisation and focused on 
quantifiable parameters such as GDP, while the environmental scenarios provided a richer narrative 
on human behaviour and social change. As socio-economic issues remain fundamental to the success 
of energy policies, this is a key area which should be better addressed within energy scenarios. The 
environmental impacts of energy scenarios were rarely considered, but could have a significant 
bearing on the likelihood of pathway outcomes being realised. Fuller evaluation of the environmental 
interactions of energy systems is therefore required. Although the analysis focuses on the UK, some 
international scenarios show similar limitations, suggesting that the conclusions are more widely 
applicable. 
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1. Introduction 
There is growing international momentum to reduce carbon emissions and mitigate the effects of 
climate change, with the Paris Agreement enshrining the aspiration to limit global temperature 
increase to 1.5
o
C above pre-industrial levels (UNFCC, 2015). In parallel, the Intergovernmental 
Platform for Biodiversity and Ecosystem Services (IPBES) and initiatives such as the Aichi 
Biodiversity Targets (Convention on Biological Diversity, 2012) and the Millennium Ecosystem 
Assessment (MEA, 2005) seek to mainstream the importance of biodiversity and ecosystem services 
within policy at international, national and regional levels. The UK has been a global leader across 
these domains by establishing a legally binding set of carbon budgets and targets (Committee on 
Climate Change, 2015a), and in the integration of ecosystem services within policy development 
informed by the UK National Ecosystem Assessment (2011). As such we focus on the UK as an 
exemplar to explore integration of energy and environmental scenarios in policy development. 
Therefore, whilst the focus of this paper is on the UK, there is an important opportunity to learn 
lessons for scenarios that focus on other countries. 
 
National policy decisions are commonly informed by energy scenarios (Berntsen and Trutnevyte, 
2017), and this has been particularly the case in the UK over the past decade. The 2008 Climate 
Change Act established a long-term target for the decarbonisation of the UK economy, to be achieved 
by a set of diminishing five-year ‘carbon budgets’ between 2008 and 2050. This statutory 
combination of long-term change and step-wise progression has encouraged the proliferation of 
quantitative energy scenarios in the UK since 2008, with energy policy development informed 
particularly by scenarios produced by the government’s official advisory body, the UK Committee on 
Climate Change (CCC) (Winskel, 2016). 
  
3 
 
Scenarios are defined as a postulated sequence or development of events, and can be either 
explorative (considering the evolution of possible futures from a pre-set storyline) or normative 
(exploring ways to achieve a specific future objective), with intermediate approaches also possible 
(van Vuuren et al., 2015). Scenario development allows for the consideration of alternative futures 
and their evolution from the present, and thus provides insights into the decisions required in the near-
term (Hughes, 2009). UK energy scenarios typically focus on decarbonisation, energy security, 
investment requirements and affordability (the ‘pillars’ of the energy trilemma) (DECC, 2014); they 
consider the whole energy system or discrete elements of it; they have been commissioned by 
academia, industry, the Government and Non-Governmental Organisations; and they use qualitative 
and quantitative approaches (Trutnevyte et al., 2016; McDowell et al., 2014; Holland et al, 2016a, 
Skea et al., 2011). Fulfilling these combined objectives set by multiple actors presents an enormous 
challenge, not least as there is considerable uncertainty about energy futures, particularly for the 
longer-term time horizons to 2050 and beyond. 
 
However, despite this range, almost all energy scenarios considered in recent reviews (Trutnevyte et 
al., 2016; McDowell et al., 2014; Holland et al, 2016a) have in common (by the nature of the 
questions they have been conceived to address) a relatively narrow consideration of environmental 
consequences beyond those associated with greenhouse gas emissions. The post hoc evaluation of the 
environmental implications of energy pathways does take place both in the UK and internationally, 
for example for pollutant emissions and water use (Howard et al., 2011), in terms of effects on 
biodiversity (BIO by Deloitte, IEEP and CEH, 2014) and through Life Cycle Assessment (Hammond 
et al., 2013). However, this is rarely an integral component of the scenario development itself. 
Limitation of energy scenarios to considering one environmental externality, greenhouse gas 
emissions, seems short-sighted especially in light of other legal obligations and international 
commitments on, for example, biodiversity. 
 
Also, failure to consider the broader environmental consequences of energy futures brings the risk that 
the pathways described may have negative environmental consequences or may miss opportunities to 
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deliver ancillary environmental and social benefits (Holland et al., 2016a). Thus, the credibility of the 
pathways produced may be undermined, the underlying assumptions of the energy models may be 
brought into question, or pathways may be generated that are unrealistic in practice. A recent example 
of the unintended impacts of narrowly defined, decarbonisation-focused energy policy was the UK 
Government’s prioritisation of carbon emissions reduction as the primary mechanism for sustainable 
mobility, which incentivised the purchase of diesel vehicles and led to increases in air pollution 
(Brand, 2016, Skeete, 2017).  
 
A further limitation of post hoc assessment is that the analysis is almost invariably undertaken later, 
and by a separate agency. This means that the two-way interactions between energy systems and 
environmental systems are not taken fully into account in such cases; post hoc analysis considers the 
impact of energy systems on the environment but not how environmental factors enable or constrain 
the future development of energy systems. Post hoc analysis many not be comprehensive and is likely 
to have weaker policy impact than a more holistic approach in which wider environmental and social 
concerns are addressed directly during the development of energy pathways..  
 
An ‘energy only’ approach may also not reflect emerging governance practices. Already within the 
UK, the Government’s industrial strategy green paper (HM Government, 2017) is explicit on the need 
to reconsider its approach to the energy ‘trilemma’ and to place greater emphasis on the affordability 
of energy and the economic growth potential of the low carbon sector in developing its policies for 
addressing climate change. In addition, UK energy policy does not reflect the rise of integrative and 
holistic policy and research framings which bridge across food, water and climate (Cairns and 
Krzywoszynska, 2016). This concept of nexus thinking has emerged as a means of building synergies 
across different sectors and transcending traditional policy silos (Sharmina et al., 2016). Water, 
energy, and food have been at the core of nexus concepts (e.g. United Nations, 2014), with increasing 
calls for wider environmental and socio-ecological considerations to be incorporated within the 
paradigm (de Grenade et al., 2016).  
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Closer integration of energy and environmental scenarios has been proposed as one route to ensuring 
that energy strategies take account of broader environmental, economic and social objectives (Holland 
et al., 2016b). In order to explore the potential of such integration in the development of energy 
policy, we have undertaken a detailed analysis of UK energy and environment scenarios 
encompassing a broad range from those based on quantitative modelling through to qualitative 
studies. We have focussed primarily on the development of ‘whole systems’ pathways, as these are 
most appropriate in the context of the development of national energy policy. We examine the key 
features of the scenarios and assess their commonalities, differences and the consistency between 
them. In particular, we discuss the lessons that can be learned from the environmental scenarios, and 
conclude with recommendations for the development of future energy scenarios. 
 
2. Method 
2.1. Scenario selection 
The analysis considered eight scenario sets: three of which explored the possible response of the 
natural environment to broad societal change, while five focused on the future energy landscape 
(Table 1). A ‘scenario set’ is defined here as the overarching study, within which there may be 
multiple individual scenarios. There are many scenario sets that propose relevant scenarios; Holland 
et al. (2016a), for example, identified six environmental and 13 energy scenario sets for the UK.  In 
this analysis, only a subset of these were considered in order to permit detailed assessment to be 
carried out.  
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Table 1. Summary of the main characteristics of the scenario sets used in the analysis 
Group 
Policy 
sector 
Scenario set 
Scenario set 
short titlea 
Date 
produced 
Aim 
Timeframe(s) 
considered 
Main 
approach 
Number of 
scenarios 
Reference 
Environment Academic 
UK National 
Ecosystem 
Assessment 
UK NEA 2011 
To gather insight into how ecosystem 
services and human well-being might change 
2060 Qualitative 6 
Haines-
Young et 
al., 2011 
Environment Academic 
UK Climate 
Impacts Programme 
UK CIP 2001 
To reflect upon possible alternative futures 
… in the context of climate change impacts. 
2020s/2050s Qualitative 8 
UK Climate 
Impacts 
Programme, 
2001 
Environment 
Government 
advisor 
England’s Natural 
Environment in 
2060 
Natural 
England 
2009 
To explore a range of plausible futures to 
help anticipate and appreciate challenges and 
opportunities facing the natural environment 
2060 Qualitative 4 
Creedy et 
al., 2009 
Energy 
Government 
advisor 
The Fifth Carbon 
Budget 
Fifth Carbon 
Budget 
2015 
To keep the costs of tackling climate change 
to a minimum 
2028-2032 Quantitative 17 
Committee 
on Climate 
Change, 
2015a,b 
Energy Industry 
National Grid 
Future Energy 
Scenarios 
National 
Grid 
2015 
To explore how this complex energy 
landscape is changing and analyse how the 
future might play out 
2030/2050 Quantitative 8 
National 
Grid, 2015 
Energy Academic 
The future role of 
natural gas in the 
UK 
UKERC Gas 2015 
To explore what overall role natural gas 
could play in a future transition to a low-
carbon UK 
2050 Quantitative 8 
McGlade et 
al., 2016 
Energy Academic 
Challenging Lock-
in through Urban 
Energy Systems 
CLUES 2012 
To consider what the future of energy might 
look like 
2050 Qualitative 2 
Sherriff and 
Turcu. 2012 
Energy NGO 
The RSPB’s 2050 
energy vision 
RSPB 2016 
To assess how the UK can transition to a low 
carbon energy system, and deliver the 80% 
emissions reduction target, whilst limiting 
negative impacts on sensitive species and 
habitats 
2050 Quantitative 3 
Roddis et 
al., 2016 
a by which the scenario set will be referred to in this study 
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Three environmental scenario sets were selected, those prepared by the UK National Ecosystem 
Assessment (UKNEA; Haines-Young et al., 2011), UK Climate Impacts Programme (2001), and 
Natural England (Creedy et al., 2009). These were chosen because they scored most highly in Holland 
et al. (2016a) in terms of the level of detail of their coverage of environmental issues and energy 
systems, as well as the broader definition, scope and robustness of the approach (with the most robust 
approaches defined as those with a clearly documented method likely to produce rigorous outputs and 
representing best practice). 
 
The priority in selecting UK scenario sets for energy was to include the most recent scenarios, and 
particularly those with a direct link to UK policy development. Within this overarching aim, 
additional criteria were to include a range of scenario types, and to ensure representation from three 
different sectors whose work can influence energy policy: agencies who advise the UK Government 
directly, the energy industry, and academia. The scenarios selected to represent these three sectors 
were: i) the Fifth Carbon Budget (Committee on Climate Change, 2015a,b) produced by the UK’s 
statutory advisor to government on carbon emissions in relation to the possible means of achieving 
legally binding targets; ii) the National Grid (2015) scenario set developed by the national system 
operator to consider the future demands on  electricity and gas transmission networks; and iii) 
scenarios produced by the UK’s national academic centre for energy research (the UK Energy 
Research Centre) that explore options for the future of natural gas (McGlade et al., 2016).  
 
Holland et al. (2016a) identified additional UK energy scenarios (ETI, 2015; Tran et al., 2014; Ekins 
et al., 2013; Foxon and Pearson, 2013; DECC, 2011; Ofgem, 2009; and Foresight, 2008). These were 
not selected for this analysis, as they generally pre-dated our chosen scenario sets. ETI (2015) is also a 
recent scenario set produced by the industry sector, but the National Grid scenarios were selected in 
preference due to their more comprehensive coverage of the whole energy system and their closer 
links to investment decision making in the UK energy sector. 
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A further objective of the analysis presented in this paper was to consider a broad range of energy 
scenario types, and so two further sets of scenarios have been analysed. The three scenario sets 
described above (the Fifth Carbon Budget, National Grid and UK Energy Research Centre), in 
common with most UK energy scenario frameworks, have a strong emphasis on quantitative 
modelling. Therefore, the Challenging Lock-in through Urban Energy Systems project (CLUES) 
(Sherriff and Turcu, 2012) was also selected to provide examples of predominantly qualitative and 
narrative scenarios. This work retains an energy policy link (and hence fulfils the primary selection 
criterion) as it grew out of a UK Government Office for Science ‘Foresight’ project that took a more 
exploratory approach in considering the future of energy and the built environment. The final set of 
energy scenarios selected was that produced by the RSPB (Roddis et al., 2016), which had the specific 
aim to consider energy deployment from the environmental perspective (connecting to the advocacy 
objectives of the organisation), and hence potentially provided particular insight on using scenarios to 
link energy and environmental objectives. Again, a connection to energy policy was maintained 
through the use within this scenario set of the 2050 Pathways Calculator tool, developed by the UK 
Department for Energy and Climate Change. 
 
2.2. Analysis of the scenarios 
Within the scenario sets, a mixture of qualitative and quantitative information was used to describe 
the scenarios, with quantified parameters reported in different metrics and units. In order to 
accommodate this range of information types, a qualitative content analysis approach was taken (e.g. 
Stemler, 2001). Each scenario set document was reviewed and pertinent words and sections of the text 
within it were attributed to different themes. These themes were not determined a priori, but instead 
emerged during the review process.  
 
The documents detailing the energy and environmental scenarios contained a vast amount of narrative 
and quantitative information. In order to avoid including extensive analysis of topics that were 
exclusive to energy or environment scenario sets (rather than having any overlap between them), an 
initial analysis step was taken to identify the broad themes that were common to both types of 
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scenario set. The energy-related themes for this comparative analysis were therefore determined based 
on the content of the environmental scenarios, while the environment-related themes were defined by 
the energy scenarios. The absence of certain key themes that could perhaps be expected to span both 
types of scenario set (and hence indicated significant gaps) were identified at this stage.  
 
Within the broad themes, individual subthemes were then identified. These subthemes were not 
subject to the constraint of being common to both energy and environmental scenario sets, and thus 
the analysis was used to highlight the extent to which treatment of the broad themes was consistent 
from the energy and environmental perspectives. In the absence of consistent quantified information 
across all scenarios, it was also necessary to create indicative categorical scales (high, medium, low) 
to capture the relative magnitude of certain attributes (such as the level of deployment of energy 
technologies) to allow this information to be compared between scenarios.  
 
3. Results 
3.1. Scenario types 
Within the eight scenario sets, 56 individual scenarios were identified (of which 18 were 
environmental) with between two and 17 scenarios in each set (Table 1). Two approaches were used 
in deriving the scenario characteristics. The first was a matrix-type approach, in which the 
characterisation of the future societies tended to reflect increasing divergence between alternative 
world views based on, for example, the strength of market influence or the varying role of local, 
national and international governance. These approaches are based on the ‘intuitive logics’ method 
developed by Wack (1985) in which a 2x2 matrix is used to identify the key distinctions between 
individual scenarios (Figure 1). However, the scenario sets reviewed that used a matrix-type approach 
did not strictly follow this method, and did not limit the scenario options to just two states of two 
possible attributes. 
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Figure 1. The generic foundation of a matrix approach to scenario development 
 
The differences between the scenarios in these matrix-type approaches resulted from different societal 
drivers, of which seven main categories emerged from the analysis (Table 2). The second approach to 
scenario construction followed a more modular structure, involving a core scenario and variants. In 
these cases, there was not an overarching world view driving the scenario outcomes. Instead, 
adjustments were made to certain aspects of a core scenario in order to i) consider implications of that 
pathway extended further into the future (referred to as ‘increased timeframe’ in Table 2) or ii) to alter 
underlying assumptions to consider different pathways to achieving a similar outcome, or assess the 
risks if the future did not unfold as predicted within the core scenario (‘sensitivity testing’). 
 
Table 2. The proportion of energy and environmental scenarios described by each overarching societal driver 
and applying different adjustments to the central scenario  
  Proportion of scenarios 
  Energy Environmental 
Category Description % (n) % (n) 
Societal drivers      
Green ambition Emphasis on sustainability and environmental protection 5 (2) 15 (3) 
Market forces A strong role of the market and a focus on economic growth 3 (1) 15 (3) 
Global connectivity High international co-operation and retreat of the nation state 0 (0) 20 (4) 
Nationalism Focus on self-sufficiency and self-governance at the national level 3 (1) 10 (2) 
Localism Increased local governance and engaged local communities 3 (1) 15 (3) 
Reduced climate action Climate change is no longer a driving force and targets lapse 13 (5) 0 (0) 
Current ambition The outcome of continuing on the trajectory in place today 5 (2) 5 (1) 
Core and variant approach     
Increased timeframe Considering the same society further in the future 10 (4) 20 (4) 
Sensitivity testing Assessing the implications if a key assumption is altered 59  (23) 0 (0) 
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This categorisation of the scenarios, between matrix and core/variant approaches, highlighted the first 
major difference between the environmental and energy scenario sets, as the former took an 
exclusively matrix-type approach. Whilst this technique was also applied within the energy scenario 
sets, these made much more extensive use of the core and variant approach, particularly as a means of 
sensitivity testing.  
 
A further distinction was that energy scenarios commonly considered the implications of less 
ambitious emissions reduction targets, whilst this was not a driver of any the environmental scenarios. 
That is not to say that policy responses to climate change did not feature in any of the environmental 
scenarios, but that this issue was not the main focus in shaping any of their narratives. There was a 
relatively small number of examples of energy scenarios that had other societal drivers at their core, 
which emphasises the centrality of decarbonisation concerns in energy scenarios over the past decade. 
Conversely, the societal factors that drove environmental scenarios were quite evenly distributed 
across the main categories described in Table 2. 
 
3.2. Themes emerging from the scenario sets 
Seven main themes emerged from the scenario sets (Table 3). These themes (and subthemes within 
them) related to different attributes of energy supply and demand such as electricity generation and 
transport, but also to land cover types and usage, which captured wider issues that may affect carbon 
dioxide emissions and their mitigation. A further theme encapsulated how the scenarios characterised 
society more broadly. A greater proportion of environmental scenarios contained content relevant to 
each of the themes (i.e. environmental scenarios tended to broader coverage of common themes), 
while the energy scenarios focused more narrowly on a smaller number of themes, especially energy 
supply and transport (Table 3). 
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Table 3. The percentage of energy and environmental scenario sets and individual scenarios that included 
content for the different themes 
 Scenario set Individual scenarios 
 Energy Environmental Energy Environmental 
Theme % (n) % (n) % (n) % (n) 
Energy supply 100 (5) 100 (3) 89 (34) 78 (14) 
Agriculture and land use 20 (1) 100 (3) 8 (3) 100 (18) 
Household demand 80 (4) 100 (3) 21 (8) 78 (14) 
Transport 100 (5) 100 (3) 63 (24) 100 (18) 
Societal characteristics 80 (4) 100 (3) 24 (9) 100 (18) 
Environmental controls 40 (2) 100 (3) 13 (5) 72 (13) 
 
 
As described in Section 2.2, only themes that crossed both energy and environmental scenario sets 
were subject to detailed analysis. The absence of energy demand by industry (which was not 
considered in the environmental scenarios) and the restriction of land use and agriculture to farmland, 
woodland and peat habitats (in line with the limited scope of energy scenarios) identifies two major 
areas of divergence between the two types of scenarios. 
 
 
3.2.1. Energy supply 
In general, the energy scenarios presented quantitative information for energy supply, while the 
environmental scenarios took a qualitative approach. There were broad similarities between energy 
and environmental scenarios in terms of the frequency with which reference was made to the main 
techniques for electricity generation (Figure 2). The most striking difference was that less than 30% of 
environmental scenarios mentioned the role of natural gas, while nearly 80% of energy scenarios did 
so. However, as there was no explicit reference to gas, it was not possible to determine whether this 
absence from the environmental scenarios was due to a belief that gas would not form part of the 
future energy mix or whether a ‘business as usual’ approach to gas was expected, which, in the 
absence of major change, did not warrant specific mention. Other differences were that reference to 
hydroelectric generation was also missing from environmental scenarios, and a much greater 
proportion of environmental scenarios mentioned wave energy compared to the energy scenarios. 
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Figure 2. The percentage of energy and environmental scenarios making reference to particular energy supply 
technologies 
 
 
Strategies for supplying heat (such as district heating, electrification, and combined heat and power) 
as well as infrastructure changes for energy supply more broadly (e.g. carbon capture and storage and 
international grids) were mentioned by only a minority of environmental scenarios, despite being 
relatively common in energy scenarios. Some technologies and techniques appeared in only a single 
(or, in one instance, two) scenarios, for example nuclear fusion (Natural England) and hydrogen as a 
significant energy carrier (UKCIP) were suggested by environmental scenarios, while the use of shale 
gas extraction (National Grid), extensive floating wind (RSPB) and geothermal energy (RSPB) were 
outliers suggested by the energy scenarios. 
 
The context in which reference to energy supply technologies was made varied between scenarios. 
Therefore, the references were categorised according to whether the scenario proposed a low, 
moderate or high level of deployment of each technology. The category of “none” was also included, 
to take account of when scenarios explicitly mentioned the cessation of coal-fired or nuclear power. 
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This demonstrated that environmental scenarios tend to be more optimistic about the contribution of 
renewable technologies such as solar, wave, tidal and onshore wind as well as bioenergy, but also 
more often expect coal to make a significant contribution to energy supply in the future (Figure 3).  
 
 
 
 
 
 
 
 
 
 
 
Figure 3. The percentage of energy and environmental scenarios making reference to specific levels of 
deployment of particular energy supply technologies 
 
There was no evidence that the increased range of societal drivers considered by environmental 
scenarios led to suggestions for energy futures that had a greater diversity of electricity supply 
options. Energy scenario sets derived from the same source shared common elements and some levels 
of energy supply were dominant across the individual energy scenarios (for example, moderate 
deployment of onshore wind featured in 64% of energy scenarios, and a high contribution by natural 
gas in 46%). However, across all scenarios, there were 27 combinations of technologies types and 
deployment levels, of which 24 featured in energy scenarios and 17 in environment scenarios, 
suggesting that while the environmental scenarios introduced some unique combinations, the range of 
energy scenarios had already introduced diversity of electricity supply options. Detailed investigation 
of the influence of specific societal drivers on energy supply was not possible due to small sample 
sizes. 
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3.2.2. Agriculture and Land Use 
Changes to agricultural practices and land use cover were discussed by all the environmental scenario 
sets, but among energy scenarios was within the scope of only the Fifth Carbon Budget scenario set, 
reflecting the statutory remit of the Committee on Climate Change to consider all greenhouse gas 
emissions. The other energy scenario sets were concerned only with the energy system. The relatively 
small number of scenarios considering this topic prevented any quantitative comparison between 
scenario types. The vast majority (89%) of scenarios which did consider the issue expected the area of 
UK farmland to decrease in future, and a similar proportion (79%) expected an increase in woodland 
cover. For both farmland and woodland, the relative change was generally expected to be 5% or less 
of the existing area under this land use type.  
 
These changes were usually discussed in terms of general changes in land use practice, rather than 
making specific reference to how the expansion of energy would affect land use. The UKNEA, 
however, did make reference to the replacement of grasslands with biofuels and the management of 
woodland for fuel. Of the other sub-themes that emerged from broader discussions of agriculture and 
land use changes, the most common were expectations that the quantity of livestock would be reduced 
(in response to a reduced demand for meat products) while novel crops (particularly high protein 
grains as well as fungi) would increase.  
 
3.2.3. Household energy demand 
Within household energy demand, improvements in energy efficiency featured prominently in both 
the energy and environment scenarios, as did the increased insulation of properties. Beyond these, 
there was a divergence in the foci of energy and environmental scenarios: the former considered 
specific energy issues (e.g. temperature preference and the electrification of cooking), while 
environmental scenarios discussed wider issues related to broader social changes such as urban 
redevelopment, overall housing demand and occupancy rates. As with agriculture and land use issues, 
the relatively small number of scenarios addressing this issue prevented any quantitative comparison 
between scenario types. 
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3.2.4. Transport 
There was considerable heterogeneity in the sub-themes of transport addressed by the scenarios, but a 
further contrast between the two types of scenario set was apparent: environmental scenarios 
primarily considered transport choices and behaviour, while energy scenarios had a greater focus on 
fuel types. For example, 67% of environmental scenarios anticipated an increased use of public 
transport, but this was discussed by only 16% of energy scenarios (Figure 4). Conversely, no 
environmental scenarios made reference to the possibility of public transport being electric or to the 
use of natural gas as a fuel for heavy transport vehicles. There was closer agreement between the two 
scenario sets with respect to the use of electric cars and increased rates of cycling, although these 
were mentioned by only a minority of both energy and environmental scenarios.  
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. The percentage of energy and environmental scenarios making reference to particular transport issues 
 
 
As was the case with energy supply technologies, there were certain outlying transport issues or 
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possibilities for hydrogen as a fuel for cars, buses and heavy goods transport, while the National Grid 
scenarios foresaw its potential only for the latter. Again, illustrating the focus of environmental 
scenarios on behaviour change, one scenario in the UK NEA assumed road pricing schemes would be 
common, and a Natural England scenario predicted digital management to optimise local travel. 
 
3.2.5. Societal Characteristics 
There was a stark contrast between energy and environmental scenarios in how they considered the 
wider characteristics of future societies. Fifteen main sub-themes were identified, all of which had the 
potential to have a bearing on energy issues (Figure 5). They described factors such as economic 
growth, population size and other demographic factors, governance structures, consumer behaviour, 
and the strength of environmental drivers. At least three environmental scenarios considered each sub-
theme, but energy scenarios made reference to only six sub-themes.  Of these, only GDP/economic 
growth and population size were considered by more than four (of 38) energy scenarios.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. The percentage of energy and environmental scenarios making reference to particular societal 
characteristics 
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While it was relatively common for energy scenarios to consider annual GDP growth rates and the 
size of the UK population for the 2020s/2030s timeframe, these factors were confined to relatively 
narrow ranges: annual GDP growth rates were predicted to be between 1.9% and 2.4%, and the UK 
population was expected to grow by between 7.3 and 8.0 million. The environmental scenarios 
considered these parameters for both their 2020s and 2050-2060 cases. In these scenarios, GDP 
growth was between 1.25% and 3.0% for the 2020s, and as low as 0.5% for 2050-2060. Estimates for 
the UK population size ranged from fall of 4 million people (2020s) to an increase of 14 million 
people (2050-2060s).  
 
3.2.5.1 Environmental controls on development of energy systems   
Planning and environmental regulations are relevant to the development of energy systems as they 
relate to the degree of environmental impact that will be considered acceptable, and hence how 
developments might proceed through the consents process. However, environmental controls were 
mentioned within only one energy scenario set (National Grid). The scenarios focused primarily on 
stricter controls for onshore oil and gas in the future, but it was also suggested within one scenario (of 
reduced ambition for low-carbon and energy innovation), that the current environmental legislation 
will begin to impact on the sources of generation in the short term. 
 
In contrast, discussion of environmental controls featured regularly within environmental scenario 
sets, across scenarios with different societal drivers. For example, explicit reference was made to new 
wind, wave and tidal developments being permitted only after passing stringent Environmental Impact 
Assessments (UK NEA), and to the need for minimal environmental impact being inherent within the 
design of energy systems (Natural England). Environmental scenarios also considered the 
implications of environmental controls being weakened by, for example, a drive for economic 
development (UKCIP) or unregulated growth of the energy sector (Natural England).  
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3.3. Environmental impacts of energy systems 
In general, the environmental consequences of the proposed energy pathways (beyond those related to 
greenhouse gas mitigation) were not discussed within the energy scenarios, and hence do not feature 
explicitly as a theme within our analysis. The exception was the RSPB scenario set, the rationale of 
which was to propose energy systems in which negative impacts on sensitive species and habitats 
were minimised while still meeting existing carbon emissions reduction targets. This scenario set 
considered the ecological impacts of particular technologies (e.g. habitat loss, collision risk) and 
determined a deployment potential to ensure the ecological risk remained low. The DECC 2050 
Pathways Calculator was then used to develop three scenarios that met this criterion. 
 
In order to examine how these environmental constraints affected energy supply outcomes, the three 
RSPB scenarios were compared with a further 17 energy scenarios (within the Fifth Carbon Budget, 
CLUES, and National Grid scenario sets), selected because they all quantified energy supply in the 
same unit (TWh; Figure 6). The RSPB scenarios propose more bioenergy, solar, and wind energy – 
offshore wind in particular is much more important within the RSPB scenarios. As has been 
mentioned previously, floating offshore wind and geothermal energy were unique to the RSPB 
scenario set. Nuclear energy was not considered in the RSPB framework, as the focus of that scenario 
set was specifically on renewable energy alternatives to fossil fuels. The other energy scenarios (those 
not produced by the RSPB) also included two examples where nuclear provided less than 10TWh per 
year. Abated natural gas (i.e. with carbon capture and storage) was included in the RSPB scenarios, 
but it was not quantified separately from biogas within the supply associated with carbon capture and 
storage. 
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Figure 6. The average, and range of, annual energy output (TWh) for different energy technologies for i) the 
RSPB scenario set and ii) other energy scenarios (from the 5th Carbon Budget, CLUES and National Grid sets) 
 
 
4. Discussion 
It is important to note that the scenarios reviewed had a wide range of aims, from seeking specific, 
cost-optimised energy outcomes to exploring, in general terms, the environmental challenges that 
might result from different futures. The purpose of this discussion is not to suggest that individual 
scenarios were inadequate if they failed to address issues that were beyond their scope. Instead, we 
seek to explore the lessons that can be learned from the synergies and contrasts between the different 
sets of energy and environmental scenarios, in order to support the development of future energy 
scenarios.  
 
Broadly, both energy and environmental scenarios explore ‘positive’ futures, with continued 
prosperity and a range of energy options available. While a downgrading of the importance of climate 
change and a failure to meet carbon targets were considered as elements of individual scenarios, none 
of the scenario sets employed dystopian thinking (Hjerpe and Linnér, 2009) to propose failed future 
B
io
en
er
g
y
 
C
o
al
 
G
eo
th
er
m
al
 
H
y
d
ro
el
ec
tr
ic
 
N
at
u
ra
l 
g
as
 
N
u
cl
ea
r 
O
ff
sh
o
re
 w
in
d
 
F
lo
at
in
g
 o
ff
sh
o
re
 w
in
d
 
O
n
sh
o
re
 w
in
d
 
S
o
la
r 
T
id
al
 
W
av
e 
C
ar
b
o
n
 C
ap
tu
re
 a
n
d
 S
to
ra
g
e 
Energy technology 
A
n
n
u
a
l 
en
er
g
y
 o
u
tp
u
t 
(T
W
h
) 
0 
200 
400 
600 
800 
100 
700 
500 
300 
RSPB scenarios 
Other energy scenarios 
Range 
21 
 
societies.  It has been construed as a weakness of scenarios if they assume that society will be much 
the same in future (McDowall et al., 2014; UK Climate Impacts Programme, 2001), while scenarios 
that are too radical may be perceived as improbable and therefore less credible. Also, when scenarios 
are being used to assess public policy questions, there is little value in speculating about a radical 
change that does not connect to actions that can be taken today (Hughes, 2013). The perception of 
what constitutes ‘radical’ is also a shifting baseline: societal world views with a national security 
theme would be considered more mainstream following recent political changes than would have been 
the case when, for example, the UK NEA scenarios were described in 2011.    
 
4.1. Quantitative vs. qualitative approaches 
A significant contrast between the energy and environment scenarios is the prevalence of quantified 
approaches within energy scenarios, while environmental scenario sets took a more qualitative 
approach. This is likely to be a reflection of the more focused aims of energy scenarios compared with 
the broader, exploratory themes of the environmental scenario sets. However, the availability of tools 
with which to provide quantified outcomes is also likely to be a key factor in the different approaches. 
The MARKAL model was developed in the 1980s (Loulou and Labriet, 2008) and, with its successor 
(TIMES), has been used for over a decade within major exercises for projecting UK energy futures in 
both academic and policy contexts (Ekins et al., 2013).  Within the environmental scenario sets, 
quantified estimates of land cover change were made in the UK NEA, but the implications of the 
scenarios for certain ecosystem services (such as pollination and air quality) could only be indicated 
by a probable direction of change, reflecting the absence of similar detailed empirical modelling tools 
for making quantified predictions of certain environmental changes. 
 
A qualitative assessment of socio-economic characteristics is generally difficult to reconcile with the 
quantitative approach taken by most energy scenarios. Attempts have been made to quantify socio-
economic variables and incorporate these within energy systems models as a means of assessing the 
risks and uncertainties around energy outcomes (Chilvers et al., 2017; Eyre et al., 2011), although 
only a limited set of variables have so far been included in these processes.   
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The transition matrices used within the UK NEA are a further an example of how such a process of 
quantification could be undertaken. These matrices allowed some qualitative assumptions on land use 
change to be quantified while maintaining the internal consistency of scenario. Integrated assessment 
models (IAMs) also present an opportunity to assess the interactions between human systems and the 
wider environment (Moss et al., 2010).  To date, IAMs have been most commonly applied in the 
context of climate change and its mitigation (Harfoot et al., 2014), but have also been used to 
investigate the implications of other policy alternatives, such as exploring the trade-offs in achieving 
broader sustainability objectives (van Vuuren et al., 2015).  However, IAMs also have their 
limitations, not least the need for modellers to make choices about how the modelled system 
represents elements and processes about which our knowledge may be incomplete, and the 
assumptions made during this process are not always transparent (Beck and Krueger, 2016).  
 
The quantification of societal parameters may be desirable from the perspective of facilitating their 
explicit evaluation within energy system models, but a limitation of this approach is that the inherent 
complexity of the socio-cultural context will by necessity be reduced to fit the model structure. 
Techniques that permit a looser coupling between narrative and quantitative scenario components 
have been suggested as an alternative approach (McDowall, 2014). 
 
4.2. Economic growth and population size  
Economic growth and population size (both easily quantified) were the socio-economic factors most 
commonly considered by energy scenarios, reflecting that they are used to drive energy demand in 
models such as TIMES (Loulou and Labriet, 2008) and have a material impact on the outcome of 
estimations (DECC, 2015). In terms of economic growth, the energy scenarios assume a range of 
1.9% to 2.4%, which could be considered reasonable for the 2020s/2030s, given that on average the 
UK economy has grown by 2.2% per year since 1980 (ONS, 2016a). However, this trend may not 
continue: average growth over the past 10 years was only 1.2%, and the past decade included periods 
of recession (ONS, 2016a), with similar patterns in other developed economies (World Bank, 2016). 
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A broader range for GDP, such as that considered by environmental scenarios, and ideally 
consideration of economic stagnation or even prolonged recession would perhaps make assessments 
of economic uncertainty more robust.  
 
Similarly, the environmental scenarios suggested a wider variation in the future size of the UK 
population than did the energy scenarios. The population projections used by the energy scenarios 
were based on UK Government data, but these are not infallible. For example, in 2000, it was 
predicted that UK population in 2011 would be nearly 62 million, underestimating the actual figure by 
1.3 million people (GAD, 2002; ONS, 2016b). The differences in the underlying assumptions for 
population trends are compounded the further the projection goes into the future: there is a difference 
of 12.4 million people in predictions made in 2000 and 2014 for the expected UK population in 2051 
(GAD, 2002; ONS, 2016b). Therefore, the narrow range used by the energy scenarios may not be 
suitably robust.  
 
The energy scenarios reviewed all assumed that the UK population will grow, and this does reflect 
recent trends. However, there have been periods within living memory during which the UK 
population did not grow significantly: the decade from 1974 to 1983 was characterised by very small 
increases and even periods of population decline (ONS, 2016b). This base assumption of population 
growth perhaps represents a ‘precautionary principle’, as a larger population may equate to greater 
challenges in meeting climate targets and providing infrastructure. Long term scenarios should 
nonetheless also consider the implications of a static or declining population, as incorrect assumptions 
of future demand may result in the commissioning of unnecessary infrastructure, with associated 
present costs. Eyre and Baruah (2015), for example, illustrate the significant effect different 
assumptions on population growth have on projections for gas and electricity demand.   
 
4.3. Incorporating wider societal characteristics 
Economic growth and population size are just two issues that affect energy outcomes, and it is 
important that a wide range of factors that might cause uncertainty are considered. Focussing only on 
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the same few parametric uncertainties (such as those that are most easily considered within modelling 
frameworks) risks making the assumption (or arriving at the conclusion) that these are the more 
important than the structural uncertainty of the wider scenario, which may not be the case (McDowall 
et al., 2014). The energy scenario sets acknowledge the importance of policy drivers and public 
behaviour in achieving goals such as demand reduction (Committee on Climate Change, 2015b), but 
they rarely consider specifically those drivers and behaviours and the impact they may have on the 
likelihood of proposed outcomes being realised. 
 
This was particularly apparent in the treatment of two themes (household demand and transport), for 
which the scope of the energy scenarios was mainly to consider specific technological adaptations, 
while the environmental scenario sets more often focused towards social and behaviour changes. The 
focus of the energy scenarios on technological issues is of some concern, as wider behaviours will 
affect energy demand and their omission may have a significant bearing on the robustness of results. 
There are many uncertainties in domestic heat demand, including the most basic factors of population 
growth and household size as well as comfort preferences, insulation levels, and penetration rates, 
which in turn are affected by a range of variables including technical change, prices, social norms, 
skills and supply chain capacity Eyre and Baruah (2015). 
 
This illustrates why understanding socio-economic issues remains fundamental to the success of 
energy policies. Public attitudes have been identified as one of the most important systemic 
uncertainties that will affect the successful achievement of UK energy policy, added to which the 
aspects of the energy system considered important by the Government and its advisory bodies do not 
necessarily match the values held by the wider public (Watson et al., 2014). It may be the case that 
behaviour change is implicit within energy models, the inputs to which may include assumptions on 
the adoption of new technologies or real-time patterns of demand. However, failure to make these 
assumptions explicit affects subsequent interpretation and comparison of model outcomes. McDowall 
(McDowall, 2014) has already shown that using narrative storylines to “ask questions” of transition 
pathway models can reveal assumptions that would otherwise have remained opaque. 
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4.4. Scenario development 
The environmental scenarios provided a much richer perspective, in socio-economic terms, on the 
characteristics of future societies, which could provide a further lesson for the development of energy 
pathways. However, the additional information provided in the environmental scenarios is potentially 
a result of their more narrative approach rather than their specific environmental focus, and may also 
stem from the matrix construction that enables the contrasts in societal characteristics to be readily 
accentuated. This matrix formation stems from the story and simulation approach, which has become 
the dominant method for environmental scenarios and has been used in high-profile global 
assessments including the UNEP Global Environmental Outlook, Millennium Ecosystem Assessment 
and by the Intergovernmental Panel on Climate Change (Roundsevell and Metzger, 2010). 
 
Energy scenarios typically examine how a specific end-point (such as a reduction in carbon emissions 
by a fixed percentage) could be reached, for a system which, though complex, is understood as 
bounded and manageable in terms of its physical, temporal and operational structure. Environmental 
scenarios do adopt techniques including back-casting to consider pathways from the current position 
to achieving a desired future outcome, but it is more often the case that the storylines are used to 
explore the environmental response to human activities or the necessary societal adaptations to 
environmental change (Roundsevell and Metzger, 2010). This difference in the framing of the issue to 
be addressed is also likely to be a factor in the types of scenario used in the two sectors.  
 
It is not necessarily the case that more explicit consideration of societal drivers requires energy 
scenarios to adopt the matrix-type approach but the existing modular scenarios could be enriched by 
considering a broader suite of socio-economic characteristics. At present, alternative pathways in 
energy scenarios compare attributes such as the presence/absence of nuclear power or the 
success/failure in meeting emissions reduction targets. Socio-economic characteristics could similarly 
be expressed in terms of alternative states or options to allow their inclusion.  Tools already exist 
within quantitative modelling for the capturing the variance of one or more parameters through large 
numbers of model runs, as was undertaken during the development of the UKERC Gas scenarios. 
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There is also the potential to extend the modular approach into a more formal morphological analysis 
(Amer et al., 2013; Bishop et al., 2007), in which the attributes, their alternative states and the 
combinations selected for each scenario are clearly identified. This would have the advantage of 
making underlying assumptions more explicit than is perhaps the case at present. 
 
4.5. Addressing environmental impact 
While scenarios are not intended to produce accurate predictions of the future, some of the scenario 
sets reviewed (particularly the Fifth Carbon Budget and National Grid) have a direct influence on the 
formation of UK energy policy and related investment strategies. The approach taken by these 
scenarios has a tendency to consider the energy sector issue in isolation from the broader policy and 
management drivers (such as environmental and local government policy). Land use is generally 
beyond the remit of energy scenarios (except where these consider greenhouse gas emissions more 
broadly), but the land take of different energy options varies considerably (Cheng and Hammond, 
2017). Even within energy options that are grouped under broad categories such as “bioenergy” the 
land use requirements and wider environmental and social implications vary with different crops. 
Also, the complex issues around the uptake and sustainability of biomass energy options include 
potentially lower economic returns compared to other crops, reducing its attractiveness to land 
owners, as well as the environmental issues surrounding the conversion of grassland to biofuels 
(Thornley et al., 2009). Consideration of these issues during scenario development would therefore be 
beneficial, to avoid proposals for energy pathways that are difficult to implement in practice or which 
call into question the assumptions used by the energy models. Söderholm et al. (2011) for example, 
consider that expectations of bioenergy and CCS expansion, which play an important role in many 
global energy models, will lead to intense competition for land in the future. 
 
More broadly, the role of environmental controls on energy system development is rarely considered 
within energy scenarios, and evaluation of the environmental impacts of energy pathways is almost 
always lacking. Environmental impact is a key component of the planning framework and hence will 
affect the likelihood that expected levels of deployment will be possible, as evidenced by, for 
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example, the widespread public concerns over fracking (Williams et al., 2015) and the rejection of 
57% of UK onshore wind farm planning applications in 2014 (Tait, 2015). Such failure to incorporate 
environmental considerations within scenario development has also been noted in a number of 
reviews of global scale environmental scenarios (Hughes and Strachan, 2010; Söderholm et al., 2011).  
 
The environmental impacts of a proposed pathway can be considered post hoc in a separate process, 
using tools such as environmental Life Cycle Assessment (e.g. Hammond et al., 2013) ,Alternatively, 
as was the approach taken by the RSPB, environmental impacts can be incorporated from the outset in 
terms of constraints on the scenario. The outcomes of the RSPB analysis demonstrate that 
environmentally preferable solutions may diverge considerably from cost-optimal scenarios, 
reinforcing the need to explore these issues at an early stage. Howard et al. (2011) report similar 
findings, with the imposition of socio-environmental constraints resulting in higher costs of energy 
when compared to a reference scenario designed to meet the UK’s emission reduction targets with the 
lowest impact on welfare.  
 
A key challenge for incorporating environmental factors and outcomes within energy scenarios is that 
energy pathways are often defined at a national scale, but the environmental impacts will be site-
specific and depend on the location, scale and type of energy intervention. However, the RSPB 
approach shows that there are methods that allow broad, national-scale environmental assumptions to 
be integrated into the process of energy scenario development. 
 
The consideration of environmental drivers, constraints and impacts is rarely within the defined 
objectives of energy scenarios. This requires a change of approach so that the environment is regarded 
as a fundamental component. Energy pathways already include evaluation of carbon emissions, 
demonstrating how the scope of scenarios can evolve when environmental policy drivers are 
sufficiently strong. The recent focus on the water-energy-food nexus may provide a driver to further 
increase the integration of environmental impacts within energy scenarios. Considering environmental 
impacts in the context of international agreements and legal obligations (such as in the RSPB 
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approach of excluding sites with environmental designations) may be a further mechanism for 
prioritising those aspects of environmental impact that should be considered fundamental in 
developing energy pathways. 
 
Recent environmental scenarios have been developed using ecosystem services concepts (e.g the UK 
NEA as well as the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem 
Services; IPBES, 2016). This paradigm may also provide a framework for better integration of 
environmental issues within energy pathways, as it seeks to place environmental outcomes in terms of 
human benefit and thus provide a holistic evaluation of impacts on welfare. Where these frameworks 
include services provided by the abiotic environment, energy itself becomes an ecosystem service and 
so can be considered in direct parallel with other human benefits of nature. Examples of this approach 
include incorporating renewable energy within an assessment to prioritise ecosystem service delivery 
at a regional scale (Casalegno et al., 2014), although it does not yet appear to have been applied 
specifically in the context of developing energy scenarios. 
 
4.6 Lessons for Environmental Scenarios 
In the UK, the increasing use of scenarios has been driven by the Climate Change Act (2008), and the 
need to generate pathways to explore optimum solutions for meeting legally-binding carbon budgets. 
The lack of any equivalent high-level and time sensitive transition target-setting for the UK’s wider 
environmental system may explain why environmental scenarios are produced less frequently and 
hence why those available for this analysis were considerably older than the equivalent energy 
scenarios. 
 
Lessons can be learned from energy pathways for the development of future environmental scenarios, 
including that environmental scenarios could benefit from a deeper consideration of energy and its 
implications. It is often difficult for environmental scenarios to impact on policy because policy 
cycles are short-term, the purpose of the scenarios may not be clear, and their relevance to specific 
policy outcomes may be limited (Rounsevell and Metzger, 2010). Energy scenarios are often better 
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adapted to the policy arena as they address directed policy questions and tend to be produced on a 
regular (often annual) basis. The greater quantification and use of modelling within energy scenarios 
could also be an aspiration for environmental scenarios. However, the complexity of environmental 
systems make this challenging, but there are dangers in presenting policy makers with a reduced 
picture of this complexity or in choosing a single metric to represent complex issues  (Marland et al., 
2014; Stirling, 2010). 
 
4.7 International context 
Our focus on energy and environmental scenarios within a UK context is in part a pragmatic choice – 
a function of our familiarity with policy within this country, and a reflection of strong research and 
policy drivers across environmental and energy domains. While there are numerous examples of 
global-scale energy and environmental scenario exercises, these by necessity consider broad global 
trends illustrated by regional and local examples. As such our focus on the UK reflects the scale at 
which policy will be implemented.   
 
Examination of national or regional level energy scenarios produced in other countries suggests that 
the results of the UK analysis are pertinent internationally. A scenario exercise commissioned by the 
California Energy Commission (Wei et al., 2013), for example, takes a quantitative modelling 
approach, considers the environment only from the perspective of carbon emissions reductions and 
land use change, and lacks assessment of social drivers beyond population growth. Similarly, 
Canada’s National Energy Board (2016) takes a core/variant approach, which tests the sensitivity of 
its baseline projection to transportation, price and market uncertainties. Economic and population 
growth are considered as key drivers, but no other societal factors are discussed. It is explicitly stated 
that environmental and socio-economic considerations are generally beyond the scope of the analysis, 
and the report makes only brief references to, for example, environmental concerns around oil and gas 
pipelines.   
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Other scenarios have gone further in integrating environmental and social drivers. The two matrix-
type scenarios within the New Zealand Energy Scenarios (World Energy Council and BusinessNZ 
Energy Council, 2015) are similar to the UK pathways in that they are quantified using the Global 
Multi-Regional MARKAL model, have a focus on population, GDP and economic drivers, the 
environmental emphasis is primarily on decarbonisation and land use change, and evaluation of the 
environmental impacts of the resulting energy pathways are lacking. However, the broader narratives 
do delve further into social attitudes and behaviours, including consumer motivation. The wider 
environmental context in terms of the water-food-energy nexus and the importance of the natural 
environment for tourism is discussed, as are the critical uncertainties around the scenarios of, amongst 
others, community acceptance and environmental standards. 
 
5. Conclusions and Policy Implications 
Although our analysis focused on the UK, there are a number lessons for the development of energy 
and environmental scenarios in other contexts. The quantitative, focused approach employed by 
energy scenarios may allow their stated aims such as minimising the costs of tackling climate change 
to be adequately met, but the paradigm under which these scenarios are constructed is a reflection of a 
deceptively narrow policy perspective. Where energy scenarios have broader aims (such as to explore 
how the complex energy landscape is changing), and if the outputs of these scenario exercises are to 
have a direct bearing on the development and implementation of energy policy or management 
actions, then lessons can be learned from the review of environmental scenarios. In particular, the 
range of socio-economic parameters used by recent energy scenarios is perhaps insufficient to ensure 
that the uncertainty around them is appropriately addressed.  
 
As well as wider environmental interdependencies, social changes and behaviour should be 
considered more fully alongside technological changes when evaluating alternatives for, for example, 
transport and household demand. Options for the quantification of broader socio-economic 
parameters, to facilitate their inclusion in numerical modelling, should also be explored. However, 
there may be benefit in using the more qualitative approaches for energy scenarios as these provide an 
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opportunity for input from a wider number of sectors and stakeholders, and also a more exploratory 
approach which could lead to a broader spectrum of outcomes. Whether quantitative, qualitative or 
combined approaches are employed, a more formal process of morphological analysis would increase 
transparency in the assumptions underlying scenario construction. Finally, to ensure viability of 
energy scenario outcomes, they would benefit from either a direct inclusion of broader sectors and 
policies, or alternatively some post hoc analysis of the results in terms of their feasibility within the 
broader policy and development landscape. Without considering these questions of environmental and 
socio-economic impacts and sensitivities, there is a risk of proposing energy pathways that are not 
achievable in practice, or are increasingly ill-matched with the full range of sustainable development 
policy drivers.  
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